This study develops a novel method to remove the free cations created during the synthesis of ionic liquid. The cations are removed from the ionic liquid by size-selective adsorption onto chemically surface-modified Zeolite. The porous crystal nano-structure of Zeolite has several electron-rich Al sites to attract cations. While large cations of an ionic liquid cannot access the Zeolite nano-structure, small cations like Na + have ready access and are adsorbed. This study confirms that: Na + can be removed from ionic liquid effectively using Zeolite; and, in contrast to the conventional and extensively applied ion exchange resin method or solvent extraction methods, this can be done without changing the nature of the ionic liquid.
Introduction
Ionic liquids (ILs) are low-temperature molten salts, that is, liquids composed of ions only. The salts are characterized by weak interactions, owing to the combination of a large cation and a charge-delocalized anion. This results in a low tendency to crystallize due to flexibility and dissymmetry.
The most common cations in use are those containing imidazolium, pyridinium, phosphonium, pyrrolidinium, tetraalkylphosphonium, tetraalkylammonium, and trialkylsulfonium, which can combine with anions such as tetrafluoroborate hexafluorophosphate, trifluorotris(pentafluoroethyl)-phosphate, thiocyanate, dicyanamide, ethyl sulfate, and bis-(trifluoromethylsulfonyl)amide.
Ionic liquids have been investigated as an ion conductive matrix as well as a reaction solvent due to their unique physical properties: a wide liquid temperature range; high ionic conductivity; a wide voltage window; and nonvolatility. Therefore, ILs have attracted much attention as a promising alternative to conventional organic electrolyte and organic solvent systems. [1] [2] [3] [4] [5] [6] In particular, IL electrolyte for electro-chemical storage devices like batteries and capacitors can be made by metathesis anion substitution in combination with various organic cations. 1, 7 Counter ions remain after the substitution. In a secondary lithium-ion battery, residual Li + is not detrimental to battery performance. However when cheaper Na + is used for electrolyte synthesis, instead of Li + , residual Na + competes with Li + ions during battery usage. This reduces the electrode reaction effectiveness. Elimination of residual Na + ion is crucial. A purification process that eliminates Na + ion and its counter ion Br − can solve such problems. Physical purification methods are being studied extensively. Solvent extraction, adsorption, crystallization and membrane technologies have attracted many researchers. However, it has been revealed that those methods cause color changes or IL decomposition. [8] [9] [10] [11] It appears that by established techniques, counter ions with same ionicity are unnecessarily removed, affecting the resulting ionic liquid's performance. A novel method to purify ILs without changing them is in great demand.
Zeolite has nanopores of about 3-10 diameter and surface area of about 100-1000 m . The corresponding crystallographic structure is formed by adjacent tetrahedra of AlO 4 and SiO 4 . These tetrahedra are the basic building blocks for various Zeolite structures, such as ZSM-5, zeolite-X, zeolite-Y and zeolite-L etc. Due to the presence of alumina, Zeolites exhibit negatively charged pore edges, which are counterbalanced by positive cations such as K + or Na + resulting in a strong electrostatic field at the pore surface. By chemically modifying pore surfaces, Zeolite can be given specialized functions, such as: ion exchange; dehydration; molecular adsorption catalyst; mineral remover; and so on.
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In this paper, a novel purification approach to eliminate counter ions produced during the synthesis of ILs, without color change or chemical decomposition, is developed. We synthesized IL and specially modified the surface of Zeolite to a particular form. This was followed by investigation of the purification performance for elimination of Na + ion in ILs. For comparative studies, ion exchange or solvent extraction were also applied. We found that ILs purified by Zeolite are remarkably effective as electrolyte for use in energy storage or conversion devices The structure of the synthesized ionic liquid was analyzed using a Varian Gemini-200 series NMR spectrophotometer. The structural changes of Zeolite used for [EMIM]BF 4 purification was evaluated by FT-IR (Varian 1000 FT-IR Scimitar series) and XRD (Rigaku XRD, λ = 1.5418 Å, 298 K). Na + residuals in the refined samples were analyzed using the Orion 720A ion counter with ISTEK sodium electrode. Ionic liquid decomposition in samples purified by the three different treatment methods were measured by using UV-Vis spectrophotometry (Varian Cary 50 Conc.) in the absorption range of 290 nm to 600 nm. Ionic conductivities were measured by WTW's COND 3110 Conductivity Meter using Tetracon 325 electrodes with temperature compensation.
Preparation of Surface Modified Zeolite. Surface modified Zeolite was prepared from NaY-zeolite by room temperature chemical treatment with NH 4 Cl to produce NH 4 Yzeolite. Firstly, 20 g of NaY-zeolite was mixed with 200 mL 2 N NH 4 Cl for 24 h then residual NH 4 Cl solution was removed by filtration and washing with distilled water. The modification and cleaning procedure was repeated twice. Final washing continued until low residual was confirmed by nil precipitation in filtrate reacted with AgNO 3 solution. The produced NH 4 Y-zeolite sample was collected and dried in an oven at 100 °C for 24 h, then calcined in an electric furnace at 450 °C in normal atmosphere for 6 h. The crystalline phase of the produced zeolite, as well as any structural changes, was identified by analysis of FT-IR and XRD spectra.
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Purification 4 was dried in a vacuum oven under high vacuum at 100 °C for 24 h. Residual Na + after purification completion was measured using the Na + ion counter. Potential IL degeneration due to treatment, by surface modified Zeolite and other treatment methods, was measured by recorded UV-Vis spectra in the 290 nm to 600 nm range. Then ionic conductivity was checked with a conductivity meter with two carbon electrodes. Comparison experiments were carried out using standard industrial purification methods: ion exchange resin; and solvent-to-solvent extraction.
Ion Results and Discussion UV-Vis Spectroscopy of the Synthesized ILs. Figure 1 shows UV-Vis absorption spectra of [EMIM]Br and [EMIM]BF 4 from 290 nm to 600 nm. A strong absorption peak is appears near 320 nm. This is similar to previously reported results. 4 showed the absorbance is close to zero above 400 nm while increasing to 0.8 at lower wavelengths. The clear or greenish color of the [EMIM]BF 4 is due to short wavelength absorbance. This is also associated with the red shift induced by the effect of counter anions. However, the absorbance bands are mostly due to the resonance structure of the 1-Ethyl-3-methylimidazolium cation in [EMIM]BF 4 .
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UV-Vis spectra of [EMIM]Br and [EMIM]BF
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IR Spectroscopy of Zeolite. On completion of the Zeolite's surface modification, IR-spectroscopy and XRD were conducted to confirm chemical structure and composition. A shoulder peak in IR spectra in the 900-1000 cm −1 range occurs due to elimination of Na + and substitution with other ions inside the skeletal structure of Si-O-Si or Si-O-Al.
15,16
Figure 2 shows a shoulder peak in the IR spectrum at 908 cm −1 due to residual H + ions bound on the zeolite surface after calcination. This represents the character of surface modified Zeolite. The peaks from 1300 cm −1 to 500 cm
confirmed a typical Zeolite spectrum with regular structure, suitable for the purpose of this study.
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XRD of Zeolite. The reduced peak heights in the calcined modified Zeolite XRD spectrum compared to the NaYzeolite XRD spectrum, shown in Figure 3 , confirmed that surface modification made the Zeolite less crystalline. However, the peak positions for both original and modified zeolite are identical.
These results demonstrated that the zeolite structure was not changed by NH 4 Cl treatment followed by calcination at 450 o C.
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Purity Evaluation of IL by Ion Exchange Resin. After dissolving [EMIM]BF 4 in methanol, it was passed through the column packed with cation exchange resin and then Na + ion concentration in recovered IL was measured. It confirmed a 300 ppm decrease in Na + from 9500 ppm in unpurified IL and a 30% reduction in volume. This result indicates that ion exchange resin is not suitable as it is in effective and causes loss, probably due to IL adsorption by resin.
Purity Evaluation of IL by Solvent to Solvent Extraction Method. A 95% elimination of Na + ion by solvent-tosolvent extraction, from 9500 ppm to 490 ppm in MC solvent, was measured.
Purity Evaluation of IL by Surface Modified Zeolite Treatment. Modified zeolite has the maximum capacity for absorption of Na + ions. Purification of [EMIM]BF 4 was conducted using Zeolite modified to the Modified zeolite type. The Na + ion concentration in [EMIM]BF 4 was reduced from 9500 ppm to 570 ppm, 94% reduction. The molecular structure of [EMIM]BF 4 , identified using 1 H-NMR spectra, was the same before and after purification. No significant IL volume change was measured, indicating that there was no Comparative Studies by UV-Vis Spectroscopy and Ionic Conductivity. Pure 1-alkyl-3-imidazolium bromate ionic liquids are colorless and transparent but trace impurities impart a yellowish or brown color.
9 UV-Vis spectroscopy is very sensitive to these chromophores and can detect even very slight changes in composition.
UV-Vis absorbance spectrum of [EMIM]BF 4 obtained after purification by ion exchange resin showed an increase above 400 nm; the overall baseline rose. Color change to green was observed in the ion exchange treated IL after treatment, consistent with the spectral change. Small and large shoulders appeared at around 400 nm and 370 nm respectively and an absorbance peak appeared at about 200 nm.
Thick yellow precipitates were found to form gradually in ion exchange resin purified IL. This phenomenon is attributed to the impurities produced by decomposition of BF 4 disengaged from IL. 21 The ion exchange resin poorly adsorbs Na + ions and combines with imidazolium. It was reported by Nockemann et al. that shoulders around 300 nm indicated the existence of impurity and excess anions remaining in imidazolium-based ILs. Figure 5 . Hence, large organic cations are not absorbed but Na + ion is absorbed.
Conclusion
We have demonstrated that a proton exchanged Y-zeolite can remove Na + ions from the ionic liquid 1-ethyl-3-methylimidazolium tetrafluoroborate([EMIM]BF 4 ). The modified zeolite is prepared from NaY-zeolite by exchanging Na + with NH 4 + followed by calcination. In comparison to traditional methods for ionic liquid purification, the modified zeolite method is superior because: it achieves about 94% Na + removal without adversely affecting the ionic liquid, whereas ion exchange resin achieves relatively poor Na potentially a low-cost step in manufacture of high quality electrolyte.
